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DIFFERENCES IN THE PHYSIOLOGICAL REACTIONS 
TO SENSORY AND IDEATIONAL STIMULI 


BY CHESTER W. DARROW 


Behavior Research Fund, Institute for Juvenile Research, Chicago 3 


The large amount of experimental work which was found to show 
a difference in the physiological reactions to sensory ? and ideational ” 
stimuli required publication of this review separate from the report ** 
of an experimental investigation of the problem. The evidence here 
presented is in accord with the results of the writer’s experimental 
effort, two of the conclusions of which may be restated: 


5 | 


(i 


) There are two physiologically as well as psychologically dis- 
tinguishable processes which have frequently been designated as 


“emotion”: (a) the immediate reflex response to “ sensory ” exci- 
tation, and (b) the response mediated by associative processes or 
ideas aroused by the stimulus. 

(2) A comparison of the immediate reflex effect of momentary 
sensory stimuli with the effect mediated by associative or ideational 
processes, shows that the former is relatively more effective in pro- 
ducing changes in peripheral mechanisms such as those of vasocon- 
striction, perspiration, or the galvanic skin-reflex, while the latter is 
relatively more effective in increasing cardiac activity, as indicated by 
blood pressure or pulse rate.* 


1 Studies from the Institute for Juvenile Research, Herman M. Adler, M.D., 
Director. Series B. No. 133. 

* These terms are used only for lack of better ones by which to designate, 
respectively: (1) excitation of sensory end organs causing immediate physio- 
logical effects but calling for no extensive association of ideas, and (2) 
excitation in which the stimulation of sensory end organs is but incidental to 
the initiation of associative processes. 

2a“ Regarding a Difference in the Electrical and Circulatory Responses to 
Momentary Sensory, Disturbing Ideational, and Indifferent Ideational Stimuli,” 
now in the hands of the printer. 

3 See exceptions summarized in the conclusions of this review. 
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The work of other investigators will be presented under the fol- 
lowing headings : 
The effects of sensory and ideational stimuli upon: 
I. Cardiac activity 
II. Blood pressure 
III. Vasomotor changes 
IV. Electrical changes 


A review of this literature is rendered difficult because the data 
of significance for our problem were, as a rule, observed by the 
investigators while pursuing other interests. The theories of affec- 
tion and emotion of Wundt, and James and Lange inspired many of 
these studies. The possibility that the physiological disturbances 
aroused reflexly by an immediately effective sensory stimulus might 
differ from the reactions occasioned indirectly by association of 
ideas or other associative processes was not generally considered. 


I. Effects of Stimuli upon Cardiac Activity 


That ideational activity tends to increase and sensory stimuli to 
diminish the rate of the heart is borne out by considerable evidence 
culled from literature. Studies by Lehmann, Binet, Mentz, Kelchner, 
Gent, Weber, Angell and Thompson, McDougall, Shepard, Blatz and 
Skaggs have special significance. Exceptions to the general rule 
appear, and the attempt to account for apparent discrepancies and to 
make clear the experimental conditions under which the several 
results were obtained, renders a brief statement regarding each study 
desirable. 

Lehmann (45), in one of the early quests for physiological differ- 
ences corresponding to the “ dimensions of feeling,” observed a gen- 
eral quickening of the pulse in the “ concentration of attention ” and 
a slowing of the pulse, often preceded by a momentary quickening, 
after sudden sensory stimuli. Prolonged sensory stimuli produced 
various effects, apparently depending on intensity. In another of the 
earlier studies of feeling by Mentz (52), a slowing of the pulse was 
observed roughly proportional to the intensity of momentary auditory 
stimulus. He further noted a quickening of the pulse in “ voluntary 
attention” involving such activities as mental multiplication or the 
answering of questions requiring thought. 

Zoneff and Meumann (75) present results showing a tendency 
for all pleasant stimuli, whether ideational or sensory, to retard, and 
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for all unpleasant stimuli to accelerate the pulse. That the stimuli 
were frequently prolonged rather than momentary may account for 
some of their results, but their findings possibly should be accepted, 
without explanation, as exceptions to the general rule. Brahn (11) 
likewise obtained a faster rate in unpleasantness, and a slower rate 
in pleasantness, although his results are not strictly comparable to 
those of others because he used tastes and odors as stimuli. It is 
interesting that a warning of the approaching stimulus tended to 
increase the pulse frequency, which, on the occurrence of the 
stimulus, returned toward normal. 

In a later study, Gent (24) cites instances in which the recall of 
ideas, whether pleasant or unpleasant, was accompanied by increased 
pulse rate. Mental work such as calculation or counting dots showed 
a decrease in rate immediately after the presentation of the problem 
(sensory stimulus?), but an increase in rate during the remainder of 
the activity or “ voluntary attention.” Sensory stimuli, on the other 
hand, such as a touch or a noise, occasioned a slower rate. Distinctly 
painful stimuli induced similar slowing of rate at first, but with con- 
tinuation of the pain, produced the acceleration which seems to be 
characteristic of the reaction to prolonged sensory stimuli. Tastes 
and odors sometimes decreased and sometimes increased rate, perhaps 
depending on whether irritation of trigeminal areas was sufficient to 
occasion reflex slowing of the heart. In similar fashion, Kelch- 
ner (38), whose interests were much the same as those of the pre- 
ceding investigators, cites examples showing a tendency for volun- 
tarily reproduced ideas of both pleasant and unpleasant character to 
increase the heart rate. She also notes a tendency, which has already 
been referred to, for fright or strongly startling stimuli to occasion 
an initial increase in heart rate, followed immediately by a more 
prolonged retardation. Tastes, odors, and continuous pain produced 
the typical increase in heart rate. 

Angell and Thompson (3), after a review of the literature, refer 
to some of their own work and make the generalization that mental 
activity and emotion of every kind, practically without exception, 
increase the rate of the heart, while sensory stimuli decrease about 
as often as increase the rate. Shepard (58) gives samples of care- 
fully plotted curves of pulse frequency. Mental multiplication and 
close visual or auditory attention increased heart rate. Visual stimuli, 
on the other hand, had varying effects, depending upon the chroma 
and intensity. An unexpected whistle likewise increased rate on 
eight and decreased rate on an equal number of trials. More recently 
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Skaggs (60) showed that startling stimuli, such as the sound of an 
automobile horn or an electric shock, decreased heart rate, as well as 
affected the height of the pulse. Still more recently, Blatz (12), in 
his study of the effect of the sudden and unexpected drop of subjects 
in a falling chair, repeatedly obtained results indicating a marked 
slowing of the heart rate preceded by a very brief acceleration. 

We should, perhaps, expect a fair percentage of cases in which 
sensory excitation is followed by reflex slowing of the heart in view 
of the results obtained from the direct stimulation of somatic sensory 
nerves of animals under anesthesia. Howell (35)* states that: 

“In mammals every laboratory worker has had numerous oppor- 
tunities to observe that stimulation of the central stumps of sensory 
nerves may cause a reflex slowing of the heart beat.” 

Stewart (63)° notes that this may produce varied effects : 

“When the central end of an ordinary peripheral nerve like the 
sciatic or brachial is excited, the common effect is pure augmenta- 
tion, which sometimes develops itself with even greater suddenness 
than when the accelerator nerves are directly stimulated. Occasion- 
ally, however, the augmentation is abruptly followed by a typical 
vagus action. Here the reflex inhibitory effect seems to break in 
upon and cut short the reflex augmentor effect. . . . But it is 
improbable that the effect of a stream of impulses reaching the cardiac 
centers by any given nerve is determined solely by anatomical rela- 
tions. The intensity and the nature of the stimulus seem also to 
have something to do with the result. For when ordinary sensory 
nerves are weakly stimulated, augmentation is said to be more com- 
mon than inhibition, and the opposite when they are strongly stimu- 
lated. And while a chemical stimulus, like the inhaled vapor of 
chloroform or ammonia causes in the rabbit reflex inhibition of the 
heart through the fibers of the trigeminus that confer common sen- 
sation on the mucous membrane of the nose, the mechanical excita- 
tion of the sensory nerves of the pharynx and esophagus when water 
is slowly sipped causes acceleration. The stimulation of the nerves 
of special sense is followed sometimes by the one effect and sometimes 
by the other.” 

In those instances of sensory excitation in which the decreased 
heart rate is preceded or accompanied by a rise in blood pressure, 
it is quite possible that the reduced rate is an effect rather than a 


4 Howell, p. 587. (Italics ours.) 
5 Stewart, p. 171. (Italics ours.) 
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cause. As shown by Eyester and Hooker (23), any increase in the 
pressure within the thoracic aorta acts by stimulation of afferent 
nerves leading to the cardio-inhibitory center to produce reflex slow- 
ing of the heart. The cardio-inhibitory center is also stimulated 
directly by the increase of blood pressure. 


Il. Effects of Stimuli upon Blood Pressure 


Evidence relative to effects of various psychic stimuli upon blood 
pressure is not as abundant as that relating to pulse rate. Such data 
as are available are further rendered of ambiguous significance 
because of the difficulty in determining whether the observed changes 
were cardiac or vasomotor in origin. Consideration will first be given 
those instances of increased blood pressure in which the conditions 
in some respects appear to be analogous to those which were obtained 
following ideational stimuli. 

A few significant experiments have been performed on animals 
with the elimination of their movements by means of curare or anes- 
thesia. Although the question as to the influence of the drugs on 
the reaction picture throws doubt upon the application of the findings 
to the present problem, it is interesting that a perceptual situation 
such as the presentation of food before the eyes of a hungry anosmic 
curarized dog was found by Weber (70) to cause a rise in blood 
pressure ® even though the drug had annihilated all gross skeletal 
response. He considers, however, that the dog had no comprehen- 
sion of the meaning of the stimulus, inasmuch as there was no 
increased flow of saliva from glands still responsive to direct gusta- 
tory stimulation (acid in the mouth). Couty and Charpentier (17) 
found an increased blood pressure as a result of caressing and mis- 
treating other dogs before the eyes of the curarized animals. An 
amicable or menacing gesture toward the experimental dogs likewise 
produced this respon-e. 

Direct cortical stimulation has given conflicting results. In the 
case of experiments by Weber (70), Danilewski (18), Stricker (65), 
and Bochfontaine (10), who obtained rather consistently a rise in 
blood pressure following stimulation of motor areas of the brain,” 
the fact that a decreased pulse rate frequently accompanied the rise 
in pressure suggests that vasoconstriction rather than increased car- 


®This statement is based on an examination of Weber’s sample record. 
He does not think the change important, nor does he report other results. 
TIn some instances, of the corpus striatum. 
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diac activity accounts for the results. In this respect cortical stimula- 
tion produces effects which appear similar to those obtained by the 
use of “sensory ” stimuli. 

Direct electrical excitation of somatic sensory nerves by stimuli 
of moderate intensity was found by Hunt (36) and by Martin and 
Lacey (48) to occasion a drop in blood pressure which they attributed 
to vasodilatation. The latter two authors obtained a rise in blood 
pressure (attributed to vasoconstriction) only in the case of stimuli 
of supra-physiological intensity 20 to 200 times as strong as those 
typically causing a fall. Thus the weak stimulation of somatic sen- 
sory nerves is seen to produce effects on blood pressure similar to 
those noted after momentary excitation of the sense organs. The 
alleged vasomotor cause is not, however, that demonstrated to accom- 
pany stimulation of the sense organs of man or other animals; for, 
in our own and many other studies, peripheral vasoconstriction™ 
rather than vasodilatation is generally found. This could not account 
for the characteristic drop in blood pressure. The rise in blood 
pressure which, in our own and other studies, frequently follows 
“psychic” (presumably physiologically weak) stimuli is perhaps 
best accounted for physiologically by the observations of Gruber (30) 
relative to the effects of excitation of different frequencies. He 
showed that even very feeble nerve stimulation caused a rise in blood 
pressure (considered by him due to vasoconstriction) when occurring 
with a frequency of twenty per second, while even strong excitation 
was characterized by a drop in pressure when given no more rapidly 
than one per second. Without regard to whether vasomotor or other 
factors are the causes of this change, the results are significant. If 
the momentary stimulation of the sense organs corresponds in effect 
to the infrequent stimulation of nerve ends, and if ideational stimuli 
are similar in effect to nerve stimulations of higher frequency (pro- 
longed stimuli), it suggests the hypothesis that ideational stimuli 
involve the perseverating or continuing influence of organic excita- 
tion during ideation. The psychological correlate of this persevera- 
tion of activity was referred to in the writer’s study as the “ duration 
of the subjectively effective stimulus.” 

In human beings such data as are available relative to the changes 
of blood pressure give no evidence except by remote inference as to 
the comparative responses to sensory and ideational stimuli. Of 
interest, however, is the fact that blood pressure has been used by 


7a As indicated by the plethysmographic method. 
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certain investigators in an attempt to identify the mental disturbances 
due to deception. Marston (46) and Landis and Gullette (40) have 
employed in laboratory situations frequent readings (at about thirty 
second intervals) of systolic pressure in the study of effects of lying 
as compared with truth telling. The former observed a tendency 
toward higher blood pressure during deception; the latter obtained 
no significant differences, either for deception or for other conditions 
of emotional excitation. Likewise when using a continuous graphic 
record Landis and Wiley (41) failed to obtain significant differences. 
Larson (42,43) used a continuous polygraphic method of recording, 
but worked with persons suspected of actual guilt in the police courts 
and penitentiaries, and the cases in which the accused were later 
cleared or judgments verified showed his use of blood pressure and 
respiration to be of diagnostic value. The fact that his interpreta- 
tions were not based solely upon blood pressure but upon other indi- 
cations of disturbance such as the frequency, regularity, and degree 
of dicrotism of the pulse curves and upon disturbances in the respira- 
tory records leaves unanswered the question as to the significance of 
the single factor of blood pressure. In a recent summary of some 
of his work (44) he shows that all considered cardiac factors are of 
diagnostic value in 90 per cent of the cases. Respiration, on the 
other hand, manifests differences in but 78 per cent of the cases 
studied.® 

Marston (46), in the report of his use of systolic blood pressure 
in deception, argued for his technic largely upon the basis of Can- 
non’s theory of autonomic functioning, with which, as he admits, the 
facts frequently disagree. He points out that systolic blood pressure 
is better than any other circulatory indicator of “ deception conscious- 
ness.” He states that the thoracico-lumbar or sympathetic nervous 
system acts most uncompromisingly upon the accelerator nerves of 
the heart, and secondly, inhibits action of the digestive organs, con- 
tracting blood vessels and driving blood to the skeletal musculature 
and other parts of the body. The emotional influences of vasocon- 
striction on blood pressure, on the other hand, are uncertain. Mild 
appetitive emotion is registered in the cranial division of the autonomic 
which, with cardio-inhibitory action of the division, would be expected 


Sit is interesting in this connection that Benussi (6), Burtt (15), and 


, iam . inspiration time . 
Landis (39,40) found the respiration ratio — : of value in 
expiration time 





detecting deception. 
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to diminish blood pressure—yet, through a peculiar inhibition of the 
cardo-inhibitory center, increase actually occurs. 

He also considers the fact that pain, according to Cannon, is 
normally sympathetic in action, and should increase heart beat and 
contract blood vessels in the large visceral areas. There is, he says, 
no reason to doubt such vasoconstriction, although Binet early 
reported that only diastolic blood pressure is altered by pain, the 
heart being slowed in rate; and any increase in systolic pressure that 
occurs is produced by compensating blood pressure mechanisms which 
operate to increase the force of the beat when rate is diminished. The 
expression of emotions would seem to be much more strongly and 
significantly controlled by the heart than by vasomotor effects. The 
value of systolic pressure for lie detection he declared to be the fact 
that the amount of change is too great to be accounted for by 
moderate degrees of emotion other than fear or rage. 


Ill. Effects of Stimuli upon Vasomotor Mechanisms 


The vasomotor response to stimulation is of great importance as 
a factor in determining the effects of various stimuli upon blood 
pressure because constriction or dilatation of the smaller peripheral 
blood vessels respectively increases or decreases the resistance offered 


to the flow of blood from the arteries to the veins. It is also quite 
possible that, in some manner not yet altogether clear, this same 
change in the condition of the peripheral blood supply is a factor in 
the galvanic reflex phenomenon which, in our experimental investi- 
gation, was found to be differently affected by sensory and ideational 
stimuli. 

Changes in the vasomotor mechanism have been studied chiefly 
by three methods: First, by employing a plethysmograph to indicate 
changes in volume; second, by the use of the calorimeter to 
measure the temperature changes effected by the circulation; and 
third, by direct observations with the microscope. Only the first of 
these methods has been employed in psychological investigations. 


8a Change in volume is largely a function of changes in the arteries, 
arterioles, veins and venules, and is effected by a musculature under nervous 
control. The true capillaries are not conclusively demonstrated to possess either 
musculature or nerve supply and the evidence does not show that they have 
appreciable influence on the volume changes following ordinary excitation. 
Control of the capillary lumen is effected locally through changes in the chemical 
condition of the tissues. Various investigators have demonstrated that changes 
in the capillaries and in the larger vessels may occus in opposite phase. Cf. 
Hartman et al. (32, 33). . 
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Mosso (53), Lehmann (45), Binet (8), Gley (26), Gent (24), Hal- 
lion and Compte (31), Angell and Thompson (3), Shepard (58), 
Weber (70), Robbins (57), and Dumas (22) are among the many 
making important studies of this kind. These have been well reviewed 
by Angell and Thompson (3) and by Robbins (57), and we may do no 
better than to quote (italics ours) from their summaries of the results. 

Angell and Thompson (3) generalize from their early review of 
the literature to the effect that: “The dominant tendency of sensa- 
tions of every kind is, according to the latest and most careful obser- 
vations, to cause vasoconstriction on the periphery and to increase 
the blood in the brain. . . . Mental activity of the type illustrated 
by application to mathematical computation, memorizing, or recalling 
past experiences is, when contrasted with conditions of great repose, 
accompanied by afflux of blood to the brain. Under the conditions of 
the ordinary laboratory experiment, such psychological processes are 
sometimes productive of peripheral constrictions and sometimes shou 
peripheral dilations.” 

Robbins (57) reaches similar conclusions from his more recent 
review: “ Five experimenters who obtained reactions of fright show 
almost always a decrease in peripheral volume, with or without a 
slight rise when the stimulus is given. . . . Fourteen experiment- 
ers found that sensory stimuli in a very large majority of cases 
brought about a decrease in arm volume less marked than in fright 
and preceded less often by a temporary rise. Lehmann alone reported 
an increase for touch stimuli and a decrease, both preceded and fol- 
lowed by a temporary increase for visual and acoustic stimuli. All 
three found a rise in brain volume. . . . The results of the many 
experimenters . . . show that these sensory stimuli (whether 
agreeable or disagreeable), especially shock, which cause a break or 
shift of attention, occasion vasoconstriction in the periphery and vaso- 
dilatation of the brain, the vasomotor shift being the most noticeable 
after intense unexpected stimuli, and least marked after weak stimuli. 
Mental and physical work, which call forth a steady strain of atten- 
tion, often cause a temporary vasoconstriction in the peripheral 
arteries due to the shift of attention to the work; then, if the work 
continues, it brings about a very gradual motor shift much less 
noticeable than sensory stimuli, more often vasodilatation than vaso- 
construction in the peripheral arteries, and always vasodilatation in 
the cerebral vessels.” 

Without going into the details of the extensive literature which 
the above authors have well reviewed, we may accept their confirma- 
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tion of our own finding that sensory stimuli are most effective in 
occasioning vasoconstriction, while mental work involving “ strain 
of attention ” is less effective in this respect, sometimes even causing 
apparent vasodilatation. Whether or not active vasodilatation was 
present in these early studies cannot be determined because the major- 
ity of these early workers failed to take account of the effects of 
increased blood pressure upon volume. It is important to keep in 
mind that a change in volume of any portion of the body may possibly 
be due to any of the following: 
(1) Active vasoconstriction (due to stimulation of vasocon- 
strictor nerves). 
(2) Active dilatation (due to stimulation of vasodilator nerves 
or to the local chemical condition of the tissues). 
(3) Inhibition of constriction. 
(4) Inhibition of dilatation. 
(5) Changes in blood pressure due to cardiac activity. 
(6) Changes in blood pressure due to vasomotor changes in other 
parts of the body. 


(7) Muscular movement. 


Effects due to the latter three causes must be ruled out before we 
may be assured that a given change is of immediate vasomotor origin.’ 
With these elements eliminated by proper control, it becomes a ques- 
tion as to whether an increase in volume is due to relaxation of the 
prevailing vasoconstrictor tone or to active vasodilatation. Only in 
some of the glandular and erectile structures of the body does the 
activity of vasodilator nerves rather than some selective effect on the 
vasoconstrictors appear to have been conclusively demonstrated.” 


® The perfection of mechanical technic may eliminate some but not all 
confusing factors. For instance, the tendency for a rise in blood pressure to 
obscure or to counteract the vasoconstrictor changes which ordinarily follow 
excitation is much less if venous return is unimpeded. In our own investiga- 
tions any tightness of the rubber plethysmograph collar around the base of 
the finger caused the reading to be transformed from an obviously vasocon- 
strictor record into one showing a close parallel with blood pressure. It was 
found necessary to discard the heavy rubber collars furnished with our finger 
plethysmographs in favor of those made by cutting away the ends from lightly 
fitting finger cots. 

10 See Howell (35); also Hooker (34). According to Hooker, evidence 
shows that vasodilatation is produced by local chemical conditions which may 
act by way of axone reflexes, while vasoconstriction is typically an effect of 
nerve stimulation mediated by the central nervous system. 
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Disregarding this point, the fact that reduction of peripheral volume 
is greater after sensory than after ideational stimuli is well sustained 
by the testimony of these other investigators. It is interesting that 
evidence of this difference appears in our own study even in instances 
in which there is equal blood pressure ™ after the two stimulating 
conditions. Otherwise the lessened constriction in the case of idea- 
tional stimuli might be attributed (1) to the mechanical effects of 
greater hydrostatic pressure in counteracting a tendency toward vaso- 
constriction, and (2) to the reflex effects of stimulation of the 
depressor nerve by pressure in the thoracic aorta.” 

As to the effect of the various stimuli upon the blood vessels in 
the internal regions of the body, there is less certainty. That the 
effect of these stimuli is to increase the amount of blood in the internal 
regions, compensating in part for the constriction of peripheral ves- 
sels, is suggested by the investigations of Weber (70).1* By means 
of balloons inserted in the rectum, the normal peristaltic action of 
which had been quieted by opium, he was able to register changes in 
pressure which he interpreted as due to visceral dilatation following 
excitation. He checked his results on animals in which similar 
results were obtained when the internal organs were measured by 
plethysmographs. He further tested his results in man by placing 
the splenchnic region alternately headward and footward of the axis 
of a Mosso’s balance and noting that stimulation always caused the 
side to become heavier on which this region rested. He therefore 
interprets Mosso’s findings as due to splanchnic rather than to cere- 
bral dilatation. He gives no results to indicate a difference in reac- 
tion to sensory and ideational stimuli. According to his findings the 
moment of maximal internal vasodilatation must correspond ™* 
roughly with the period of suppressed peristaltic action demonstrated 
by Cannon, Brunswick, Carlson, and Landis to follow stimulation. 


IV. Effects of Stimuli upon Electrical Changes 
In the many studies of the galvanic skin-reflex, little is to be found 
directly bearing on the writer’s experimental results, which show 


11 Blood pressure changes attributed to vasomotor effects have been noted 
in connection with the work of Hunt (36), Martin and Lacey (48), and 
Gruber (30). 

12 See Ranson (56). 

18 Brunswick (14), in his study of gastrointestinal tone, did not use drugs, 
but he questions whether Weber’s procedure eliminated the effects of tonus. 
14 This is not what would be expected; see earlier quotation from Marston. 
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the galvanic skin-reflex to be more responsive to sensory than to 
ideational stimuli.“ Both “sensory” and “disturbing ideational ” 
stimuli have been used by other workers and both are found, as in 
the present study, to produce galvanic reactions. As Wiersma (73) 
states, ‘every sensory stimulus and every psychic labor effects con- 
siderable modifications in the plethysmogram and in the psycho- 
galvanic curve.” In the case of the “ purely intellectual ” (indifferent 
ideational) stimuli, it is true that some investigators did and others 
did not obtain responses, but this is what might be expected con- 
sidering the fact that the strength of the stimuli, the excitability of 
the subjects and the sensitivity of the apparatus, were presumably 
different in the various studies. Only Radecki (55) appears to have 
noted that the emotions provoked by immediate perceptive impres- 
‘sensory ” stimuli) find expression in 


” ‘ 


sions (what we have termed ‘ 
vasomotor reactions causing changes in conductivity of the body, 
while the emotions of an imaginative and associative nature ( follow- 
ing what we have termed “ideational” stimuli), on the contrary, 
produce secretion of sweat which is manifested by changes in poten- 
tial.“ As far as resistance and vasoconstriction are concerned this 
observation is borne out by our own investigation, but as regards 
perspiration and potential changes, the observation is not confirmed. 
3ayley (76) has recently reported work in which sensory stimuli were 
found to elicit more clear-cut galvanic reactions than the anticipation 
of these stimuli or the reading of harrowing verbal descriptions. 
Evidence shows that the galvanic reflex, and to some extent other 
peripheral reactions such as perspiration and vasomotor change, tend 
to follow excitation immediately and reflexly, apparently without 
requiring that these stimuli shall have acquired meaning in the earlier 
experience of the organism. In this respect these reactions are 
similar to other reflexes elicited by adequate stimuli; they appear to 
be relatively simple or elementary responses to excitation.’ They 
are not necessarily attended by evidence of other bodily disturb- 
ances, either objective or subjective. It is true that Radecki (55) is 


15 For confirmation of his finding that there is little in the literature bearing 
on this point, the writer is under obligation to Dr. Carney Landis and the 
Library of Wesleyan University for the loan of the thesis of Mr. DeWick on 
“ The Electrical Phenomena of the Skin.” Cf. Landis, C., review soon to appear 
in this journal. 

16 Radecki (55), p. 270. See also Darrow (19). 

17 They take place in animals low in the scale of organic development, and 
under certain conditions are elicited in human beings after death. 
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quoted in the preceding paragraph with reference to the “ emotions ” 
provoked by what in this paper are termed “ sensory” stimuli. This 
is in conformance with the contention of Binswanger (9), Gode- 
froy (27), Wechsler (71), and others, that the “ psychogalvanic 
reflex” is peculiarly an indicator of emotional disturbance. But if 
the presence of the galvanic reaction indicates the invariable presence 
of emotion, then emotion must be considered the rudimentary sort of 
thing without evidence of general bodily disturbance or subjective 
accompaniment that the galvanic reflex itself appears sometimes to 
be. Numerous instances are cited in the studies of Tarchanoff (68), 
Radecki (55), Sidis (59), Starch (61), Bijtal and Van Iterson (7), 
Golla (28), Gregor (29), and Syz (66,67) in addition to observa- 
tions in our own study in which subjects reported that they 
experienced no affective change. 


CONCLUSIONS 

This review supports the generalizations offered at the beginning, 
in that numerous investigators are shown to have found: 

1. That the immediate reflex response to momentary sensory 
excitation differs from the response mediated by associative processes, 
or ideas, aroused by the stimulus, and that both of these reactions 
have been termed “ emotion.” 

2. That momentary sensory stimuli are relatively more effective 
than ideas in exciting peripheral changes such as vasoconstriction, 
perspiration and the galvanic skin-reflex, while associative processes 
or ideas are more effective in increasing cardiac activity as indicated 
by pulse rate or blood pressure. 

3. That the exceptions to these principles are: 

(a) The fact that disturbing ideas occasioning extreme unpleas- 
antness or depression may slow the heart rate. 

(b) The fact that tastes and smells, though sensory stimuli, as 
a rule occasion increased rather than decreased pulse rate (except 
where irritation of the trigeminal nerve is involved). 

(c) The fact that continuous prolongation of sensory stimuli is 
likely to be accompanied by increased heart rate. 

(d) The fact that fright or extreme startledness following 
sensory stimuli is likely to be accompanied by a momentary increase 
in pulse rate preceding the characteristic slowing. 
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THE SENSORY CAPACITIES OF THE DOG AS STUDIED 
BY THE CONDITIONED REFLEX METHOD 
(RUSSIAN SCHOOLS) 


BY H. S. RAZRAN AND C. J. WARDEN 
The Animal Laberatory, Department of Psychology, Columbia University. 


The primary interest of Pavlov, Bekhterev and their many 
brilliant students lies in the investigation of the nature and mechan- 
ism of conditioned reflex phenomena rather than in the use of the 
conditioned reflex method as a means of determining the receptor 
capacities of animals. Nevertheless, during the past twenty-five 
years the Russian laboratories have published about fifty separate 
studies covering special investigations of the absolute and differential 
thresholds of the various receptor modalities of the dog, or includ- 
ing more or less incidental data often of great importance bearing 
on such receptor capacities. Most of these studies deal with dif- 
ferential thresholds due in large part to the interest aroused by the 
recent discovery that the establishment of very fine discriminations 
results in the onset of the much discussed experimental neurosis. 

The present paper is an attempt to summarize the results which 
have appeared to date, bearing upon receptor capacities in the dog. 
Of the 43 investigations included in this summary, one is from 
Beritoff’s laboratory, 7 are from Bekhterev’s laboratory and the 
remainder are from Pavlov’s laboratory. Papers from Bekhterev’s 
laboratory have been less readily accessible and this may in part 
explain the fact that the bulk of the material here reviewed has come 
from Pavlov’s laboratory. However, the ratio favorable to the 
latter represents in the main the relative amount of experimental 
work on conditioning of the dog carried out by the two main schools. 
The analysis of the Russian literature involved the examination of 
30 original reports and 10 comprehensive historical summaries of 
other Russian workers. The chief credit for the present report 
should go to Mr. Razran whose ready acquaintance with the Russian 
language made the survey possible. 

1In three cases no other sources being available, recourse was had to the 


recent volume of Pavlov. I. P. Pavlov, Conditioned Reflexes. 1927. Cam- 
bridge: Oxford Univ. Press, 430 p. 
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The general technique employed by the Russian workers in the 
application of the conditioned reflex method to the study of receptor 
capacities is too well known to require detailed description. Previous 
writers* have discussed the controls employed, especially in the 
later work—the pneumatic application of stimuli, sound-proof rooms, 
noiseless closing of electric circuits, delicate recording devices, etc. 

To obtain absolute thresholds, the stimulus to be tested is merely 
combined with the unconditioned stimulus—powdered meat or 
biscuit, 5 to 10 cms. of 0.1 to 0.5 of HCl, or an electric shock. 
For fine differentiation, the method of contrasts is used in which 
one stimulus, the active, is reinforced by the unconditioned, while 
the other, the inactive, is applied without reinforcement. Cruder 
differentiation may also be procured by following this same pro- 
cedure in part: either reinforcing the active or giving the inactive 
without reinforcement. 

The dogs are usually worked with from one to one and a half 
hours a day, during which about 3 to 12 applications of the stimuli, 
separated by intervals of about 3 to 25 minutes, are made. The 
fewer applications and the longer intervals are used when the com- 
binations are with HC] as the uwnconditionel stimulus, in which 
case also the stimulations are usually given every other day with 
occasional rests of 2 to 3 days to preclude stomatitis. The condi- 
tioned stimulus is usually applied first for 5 to 30 seconds and is then 
joined by the unconditioned for about 10 to 30 seconds. When the 
unconditioned stimulus is an electric shock, the number of stimula- 
tions per day is usually greater, often about 40, while the interval and, 
particularly, the duration of the unconditioned stimulus is con- 
siderably shorter, the latter being about 1 to 2 seconds. 

The number of applications necessary for the formation of a 
conditioned reflex varies with a number of factors, but generally 
ranges between 10 and 100 and less frequently between 100 and 
1000 times; the establishing of a differentiation between two close 
stimuli requires usually hundreds of stimulations in combination, 
the number not rarely exceeding 1000, and reaching 3000 in one 
case. The determination of a differential threshold in which a 
number of pairs of similar stimuli are involved is thus a matter of 
many months, often several years. 


2 The best and most comprehensive treatment will be found in the volume 
by N. A. Podkopaew, available in German translation under the title Die 


Methodik der Erforschung der Bedingten Reflex. 1926. Miinchen: Bergmann, 
64 p. 
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Two types of differentiation are to be distinguished, complete 
and partial; in the latter case, the inactive stimulus is capable of 
producing some response, but one which is only a small part of the 
response to the active stimulus. Workers in the past have striven 
to obtain complete differentiation, although it is clear that a consis- 
tent partial differentiation is also well indicative of the organism's 
discriminative ability. Partial differentiation is also useful to the 
investigator to indicate whether the differentiation is beginning to 
develop or not. 

The chief characteristic of the Russian work is that their results 
show much finer capacities for the dog than investigators in other 
countries have been able to determine by other methods. Two pos- 
sible explanations have been offered to account for this discrepancy. 
First, that the method of the conditioned reflex may be considered 
simpler for the organism and thus a more delicate indicator of 
capacity than the Yerkes-Watson and other types of training 
methods. A second possibility is that the Russian work is not valid 
and that the fine differentiations are made on the basis of secondary 
cues. Having examined the original reports of the Russian investi- 
gators in detail, we are of the opinion that the possibility of second- 
ary cues is exceedingly remote. In the first place, the Russian work 
shows a high degree of consistency; the thresholds obtained are in 
many cases the results of not one but many investigators experi- 
menting at different times and checking each other’s findings. For 
instance, in the disputed question of pitch discrimination not less 
than 12 different investigators working over a period of 25 years, 
with various instruments for giving the stimuli, and in three different 
laboratories, those of Pavlov, Bekhterev, and Beritoff, have found 
that dogs could discriminate between two sounds no greater than 
one tone apart. Secondly, the method of the conditioned reflex 
itself affords an easy check and ready detection of secondary cues. 
The development of conditioned salivary reflexes and their differen- 
tiation manifests itself not merely in the presence or absence of a 
certain response, but in the presence of the response in various 


degrees. The response is quantitative, ranging usually from 1 to 
50, in certain cases several hundred, units, and the entrance of a 
sudden secondary cue would produce an easily detectable irregular 
and rapid diminution or increase of saliva. Indeed, numerous 
types of such secondary stimuli have been discovered and their 
behavior extensively dealt with by the Russians. 
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The presence of secondary cues is rendered even more improb- 
able because of the well-known property of conditioned reflexes 
that the magnitude of a response to an inactive stimulus is directly 
proportional to the similarity of the stimulus to the active condi- 
tioned stimulus ;* a fact which plainly necessitates the assumption 
that the secondary stimuli, if present, arrange themselves in a series 
in the same order as the similar stimuli to be differentiated. How 
else, indeed, can one account for the fact that in differentiating 49 
members from the 50th member of a scale of equally graduated 
light intensities, or, in differentiating 22 points at various distances 
from a 23rd point on the skin of a dog, the response to the inactive 
stimulus is consistently smaller, the more removed it is from the 
active stimulus? One investigator has even computed a logarithmic 
relationship between the amount of stimuli differences and the. 
quantitative differences in the salivary secretion.* It may be added 
here that very fine controls of stimuli already existed in Pavlov’s 
old laboratory and hence the results of these earlier experiments, 
while not so conclusive as work in the new laboratory (since 1914), 
in nearly all cases have been confirmed by the later findings in the 
new laboratory. Another thing to be mentioned here is that the 
statement made by Pavlov and others that the conditioned reflex 
experiments reveal a superiority of the dog over man in certain 
capacities, is greatly misleading, inasmuch as the conditioned reflex 
method has not been used in a comparable manner on man. No 
exhaustive explorations of the human sensory capacities by the 
conditioned reflex method have been made under carefully controlled 
conditions to enable a just comparison. 

In summarizing the results of the Russian workers, the material 
will be presented in the following order according to modalities: 
auditory, visual, tactile, thermal, olfactory and gustatory. This 
will be followed by a short section on the differential response to 
the order of successive stimuli. The results under each topic are 
presented in chronological order. 


’The writers use active or positive stimulation to denote the giving of 
the original conditioned stimulus with reinforcement and inactive or negative 
the application of the stimulus to be differentiated without reinforcement. 
Discrimination and differentiation are used synonymously. 

* The relationship itself, as most other findings following the Weber-Fechner 
Law, is not too strict, and, besides, is based on too few cases. 
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A. AUDITION 


Differential Threshold of Pitch. Zeliony (43) was the first to 
study pitch discriminations by means of the conditioned reflex 
method. Using 2 dogs and pneumatic tuning-forks, he obtained com- 
plete differentiation of a sound % of a tone higher and % lower 
than that of 435 dv.; only partial differentiation of the same tones 
was procured with the other dog. Eliason (8) experimented with a 
physharmonica. One of his dogs was able to discriminate between 
a note of g* and f* after a well-established conditioned response 
to g? had been formed by contrast for about two weeks with a 
number of inactive notes. This discrimination was retained for a 
few weeks, but was lost after 52 days, although a cruder discrimina- 
tion between g* and e* was still present. Another dog developed 
a discrimination between the notes of c' and c¢# after about two 
months’ work, while a third dog only partially differentiated between 
g? and e*. There was complete transfer in these cases, t.e., when 
a differentiation had been established between a sound below the 
active sound, it also could be elicited without further training by 
the same difference above, and vice versa. 

Protopopov (30), working in Bekhterev’s laboratory with an 
electric shock as the unconditioned stimulus, used Appun’s tonometer 
for pitch production. The experimenter was separated from the 
animals by a partition but was observing them through a half-open 
door. Three rooms were used for the experiment with 2 assistants, 
one for the tonometer and the other for the kymograph. One dog, 
which had developed a conditioned reflex to a sound of 600 dv. on 
its 11th combination with a shock of a coil-distance of 10 cms., was 
able to differentiate that sound from a sound of 590 and 610 dv. after 
a period of experimentation of 5 months, the last one of which had 
been spent in contrast tests. In another dog the conditioned reflex 
appeared on the 6th test. He established a differentiation between 
a sound of 564 and 552 after 90 experimental days. A third dog 
formed a cruder differentiation between the sounds of 564 and 520 
after 3 days of experimentation with contrasting.® 

Nikolaev (28) succeeded in obtaining a differentiation of condi- 
tioned inhibition. In one dog a sound of 30,000 dv. on Galton’s 


5 The time spent in contrasting is not an all-embracing indicator of the 
ease or difficulty of the development of the differentiation, as another important 
factor is how well established the conditioned reflex is when the contrasting 
begins. Unfortunately, however, the complete data are sometimes not given. 
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whistle, which had served as a conditioned inhibitor, was differen- 
tiated from a sound of 27,750 dv. after about 3 months; in another 
dog a note of a’ of a tuning pipe was similarly discriminated from 
that of b' and g’. 

Nikiforovski (27) studied the effect of drugs on conditioned 
reflexes and their differentiation. By injecting 100 c.c. of 1 per cent 
solution of NaBr, he was able to obtain fine differentiations after 
short periods of experimentation by contrast tests. One dog was 
able to differentiate a sound of 800 dv. from a semitone higher after 
82 stimulations by the active and 9 by the inactive stimulus. Another 
dog could discriminate a sound of 435 from 461 dv. after 34 and 7 
stimulations by the active and inactive stimuli respectively, while 
a third dog was successful in the same discrimination after 42 and 
9 times. 

3eliakov (4) is the investigator who so far has obtained the 
finest complete differentiation in pitch. He used the Galton whistle 
and organ pipes, verified continually by Stern’s variators the pres- 
sure in which was constant and equal to 3 cms. on the manometer 
One dog, which had formed a conditioned reflex to a sound of 4,000 
dv. on the Galton whistle, developed a differentiation to one tone 
lower after 122 active and 34 inactive stimulations; additional 38 
active and 11 inactive brought about a differentiation to a semitone 
lower. Another dog formed a conditioned reflex to a note of 200 
dv. on an organ pipe and was capable of differentiating it from a 
tone higher after 74 active and 21 inactive, from a semitone 
higher after additional 75 active and 22 inactive applications. 
Beliakov’s star dog was, however, able to discriminate between 800 
and 812 dv. The development of this discrimination might be 
given in some detail. When the conditioned response to 800 dv. 
had been well established, the pair 800-850 was tried; 26 positive 
and 6 negative applications were sufficient to develop a complete 
differentiation between the pair. Then 800-825 was tried, 72 posi- 
tive and 26 negative being required to bring about this achieve- 
ment. Finally, 800 vs. 812 dv. was attempted and even this dif- 
ferentiation was accomplished after 188 active and 74 inactive 
applications. 

Snegirev (34) is the only worker known to the writers to have 
used the conditioned reflex method who did not obtain thresholds 
as fine as the main body of Russian workers. One of his dogs was 
able to differentiate between a sound of 20,000 and 30,000 dv. only 
after two months of experimentation, while another dog could not 
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discriminate between a sound of 900 and 1,012 dv. of an organ pipe 
after 442 trials, although he did differentiate between a sound of 
900 and 1,200 dv. 

Friedman (11) was interested in the problem as to whether a 
differentiation developed upon the basis of food as unconditioned 
stimulus would carry over when an acid becomes the unconditioned 
stimulus, the same conditioned stimulus being employed in both 
cases. He thus first formed in one dog a differentiation between a 
sound of 2,600 and 2,324 dv., using a special instrument in which 
intensity was controlled, hidden from the animal. The differentiation 
first appeared at 218 positive and 10 negative applications, and, 
after 355 active and 46 inactive stimulations, when the differentia- 
tion had already been well established, the formation of an acid 
reflex to the same conditioned stimulus was begun. When the 
new reflex had been formed, it was found that the old differentiation 
was present upon the first application of the inactive stimulus. The 
differentiation was now strengthened for a few days, and a new 
finer differentiation between the old active sound of 2,600 and a 
new inactive sound of 2,760 was attempted with the acid as the 
unconditioned stimulus. After 188 positive and 80 negative appli- 
cations the new semitone differentiation became established. It was 
not, however, completely carried over to the old food reflex, 7 extra 
inactive applications being needed for its formation. Similar re- 
sults but with sounds only one tone apart were obtained with two 
other dogs. 

Anrep’s (2) experiment was performed in Pavlov’s new labora- 
tory and it is hard to see how anyone reading his report could 
doubt the validity of his findings. He appears to have controlied 
every secondary source that might be suggested: timbre, intensity, 
source, and position. He had a special apparatus of telephone 
resonators exact to 0.1 dv. for the production of pure sounds based 
upon sinusoidal currents, the purity of which had been tested by 
the “sound shadow” method and by soap film resonators. Inten- 
sity and position were tested and ruled out. His method of applying 
the stimuli was slightly different from that of other investigators, 
as the conditioned stimulus was applied for 5 seconds, after which 
a pause of 2 to 3 seconds followed, and then the unconditioned 
was given; only 3 to 5 combinations a day were made. Three dogs 
developed a complete differentiation between the sound of 637.5 
and 722.5 dv. and the fourth dog, with whom training had continued, 
succeeded also in a finer discrimination between 637.5 and 680 dv. 
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The course of the development of the differentiation in the last 
dog may be given as an illustration. It took 6 days of experimenta- 
tion to obtain a differentiation between 637.5 and 850, 8 days be- 
tween 637.5 and 722.5, and 10 days to enable successful discrimina- 
tion between 637.5 and 680 dv. Goubergritz (15) is another experi- 
menter who has obtained a differentiation between a tone and a 
semitone in the new laboratory. 

3eritoff’s (5) well-controlled experiments, with the experimenter 
isolated from the animal, confirms well in this case the findings of 
Bekhterev’s and Pavlov’s laboratories. Using the conditioned 
motor reflex, he attained a differentiation between the sounds of a 
tone-variator of 200 and 208 dv. in one dog and between 288 and 
those of 256 and 320 dv. in another dog. He further states that the 
differentiation carried over from above to below the active sound 
and vice versa and that differentiations of intervals of a tone are 
usually rapidly obtained in dogs. The dog’s ability to react dif- 
ferently to a sound of 123 and 130 dv. on the variator is also indi- 
cated in the experiment of Ivanov-Smolensky (18). 

Frolov (13) attempted the difficult task of differentiating condi- 
tioned trace reflexes. He gradually prolonged the pauses between 
the conditioned and the unconditioned stimuli to 30 seconds and 
succeeded in developing in the animal a complete differentiation, 
after 573 active and 52 inactive applications of stimuli, between 
the notes of an organ-pipe No. 16 and No. 15. When, however, he 
prolonged the pauses to 60 seconds, the differentiation broke down. 
He then proceeded to establish a differentiation in another dog 
between conditioned inhibitors, prolonging gradually the pause be- 
tween the active conditioned inhibitory stimuli and the inactive 
timulus to 60 seconds. After about 8 months of experimentation the 
lesired differentiation between notes of pipe No. 16 and No. 15 with 
pauses of 60 seconds was finally obtained. Two other investigators, 
Krjishkovsky (23) and Manouilov (26) have obtained fine differen- 
tial thresholds in pitch, but nothing more is known to the writers 
about their work. Summarizing, it would be fair to conclude that 
dogs can be trained to discriminate between sounds 4% to 1 tone 
apart. 





Absolute Thresholds. Bourmakin (7), using Galton’s whistle, 
reported in 1909 that one of his dogs was responding to a sound 
of 73,000, the other to a sound of 80,000, and the third to 100,000 


dv.; they did not respond to sounds higher than the above in any 
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case. Considering, however, the poor reliability of the Galton 
whistle, one may reasonably doubt his findings. Andréev (1) 
formed easily a conditioned reflex to a sound of 26,000 dv., using a 
special instrument for the production of pure sounds, which had 
been constructed by Professor Theremin. No experiments on the 
lower threshold are known to the writers. 


Intensity of Auditory Stimuli. Tikhomirov (37) reported that 
his dogs were sensitive to sounds of an organ-pipe of an intensity 
below the threshold of the human ear. The regulating of the 
intensity was produced by dampening the sound by raising or lower- 
ing a wooden box suspended over a wooden board in the center 
of which the organ-pipe had been fitted. Nothing more is known 
to the writers about the experiment, as the original dissertation could 
not be obtained. 


Timbre and Chord Differences. Zeliony (43) reported the 
ability of dogs to differentiate sounds of a pneumatic tuning-fork 
from the same sounds on a physharmonica and also from the latter 
when placed in a tin can. One of Eliason’s dogs was able to dif- 
ferentiate a sound of c! and g* on a physharmonica from the same 


sounds on an organ-pipe, while another dog developed a partial 
differentiation of a chord G-+-c!+-f? from A-+d!+-g? and also from 
F+b'+-e? (8). 


Metronome Beats. Usiyevich (38) used metronomes which were 
started and stopped noiselessly and were hidden from the view of 
the animals. After a long period of experimentation he obtained a 
differentiation of sounds of inactive metronome stimulus of 104 and 
96 beats per minute from the sound of an active metronome stimulus 
of 100 beats per minute. Altogether there were made 1,200 applica- 
tions of the active metronome and the following number of applica- 
tions of the various inactive metronomes in their respective order: 
156—35 times, 200—1, 132—10, 122—25, 111—21, 107—16, 
104—35, and 96—11 times. This differentiation broke down, how- 
ever, after 2 days. 

Foursikov (10) repeated Usiyevich’s experiment with a specially 
constructed metronome in the new laboratory and fully confirmed 
the earlier findings. After more than a year’s work a differential 
threshold of 100 to 104 was obtained. 

Kreps (22) employed a metronome of 144 per minute as the 
active conditioned stimulus and obtained the following differentia- 
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tion after the following periods of time. It took him 2 to 3 days 
to train the animal to differentiate between 144 and 100, 144 and 108, 
and 100 and 112 beats per minute; the differentiation between 144 
and 116 required 12, between 144 and 126, 18, and between 144 and 
132, 7 additional days, each number being added to the number 
preceding it. A discrimination between 144 and 138 could not 
be developed after 5 weeks of experimentation and was given up.® 


B. VISION 

Intensity. Frolov (12) experimented upon light intensity and 
A 

obtained a differential threshold of — = 0.02. Equal squares of 
R 


paper were dipped in the same solution but of differing concentra- 
tion. The resulting intensity differences of the papers were 
standardized by means of Weber’s photometer to form an equally 
graduated series of 50 samples ranging from 0.1 to 0.50 candle- 
meters. No. 50 was then made the active conditioned stimulus and 
the differentiation of the other members begun. After obtaining 
cruder differentiations, No. 49 was finally discriminated from No. 50. 
The total number of applications of the active No. 50 was 451; the 
number of times that the inactive members had been applied is 
given in the order of their application: No. 1—44 times, No. 5—8, 
10O—9, 15—35, 41—6, 42—1, 45—2, 48—33 times, while No. 49 
was given only once. When the different stimuli were applied on 
the same day, the relationship between the magnitude of their differ- 
ences and the difference in quantity of saliva secreted was found to 
be nearly logarithmic. 

Differentiation of changes of light intensities have also been 
reported by Orbeli (29) and by Shenger-Krestovnikova (32), but 
the changes have not been expressed in quantitative terms. The 
former established easily a differentiation by darkening a white square 
or making it colored; the latter’s dogs were able to discriminate a 
dark red from a white circle after 643 positive and 10 negative, 54 
positive and 20 negative, and 227 positive and 57 negative applica- 
tions had been made in the first, second, and third dogs respectively. 

Color. Orbeli (29) experimented upon the sensitivity of dogs 
by throwing squares of different colors on a screen. A positive 


® The thresholds reported by Krasnogorski for children are slightly higher ; 
of course, children are not as a rule experimented upon for long periods and 
the conditions are not so controlled as in animal experimentation. 
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conditioned response was formed to a red square, but the same reflex 
was evoked as well by squares of other colors, even after it had 
become well established. A period of contrasting was then begun, 
but in spite of 78 reinforced stimulations with the red and 83 non- 
reinforced applications of the green square, no differentiation could 
be obtained. In another dog the periods of contrasting red with 
green began without previously establishing a simple conditioned 
reflex; 95 reinforced stimulations with the red and 215 with the 
green square produced no reflex whatever, the negative applications 
apparently undoing the normal effect of the positive. Similar results 
were obtained in a third dog: 108 reinforced stimulations with the 
red square and 121 non-reinforced with the green, followed by 28 
more positive applications of red and 48 negative applications of 
blue, failed to bring about any conditioned reflex. Among other 
objections, the conclusiveness of Orbeli’s findings might be doubted 
on the ground that more trials should have been made, that the 
proportion of negative applications was too large, and that the periods 
of contrasts in two of his dogs should have been preceded by the 
establishing of a positive conditioned reflex. Walker, of Bekhterev’s 
laboratory, is reported to have succeeded in obtaining color discrim- 
ination in dogs after 3,000 trials, but his report was not available 
to the writers. 

Size. One of Shenger-Krestovnikova’s (32) dogs was able to 
discriminate between one circle and another twice its size after 96 


positive and 10 negative applications, while the same differentiation 
took another dog 643 positive and 10 negative applications; the 


diameter of the circles is not given. 

Shape. Orbeli (29) formed a conditioned reflex in one animal 
to a black letter T on a bright square background. When the reflex 
had been well established, figures 2 and 8 given in Pavlov’s “Con- 
ditioned Refixes (p. 134) were tried and found to give diminished 
results ; the differentiation was not, however, carried out long enough 
with this dog. In another dog a bright cross (fig. 9 as above) of 
21.75 sq. inches was carefully differentiated from a similar square 
(fig. 13) of 28 sq. inches after.26 experimental days had been spent 
in contrasting the two. The differentiation also persisted when the 
square was enlarged to 85.75 sq. inches and the cross diminished 
to 15.75 sq. inches. When figures 10, 11, 12, 14, 15, and 16 were 
tried, the amounts of secretion produced by them occupied positions 
intermediate between that of the inactive square and the active cross. 
Shenger-Krestovnikova (32) obtained a differentiation of a dark 
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red circle from a similarly colored cross after 258 positive and 157 
negative, 24 positive and 9 negative, and &4 positive and 17 negative 
applications had been made in the first, second and third dog respec- 
tively.” 

Goubergritz (15) succeeded in forming a differentiation between 
a circle and a square of equal brightness and area. A considerable 
amount of careful work has been performed in the laboratory on 
the differentiation of circles from ellipses of equal areas and of 
differing axis-ratios. Shenger-Krestovnikova (32) attained a differ- 
entiation of a conditioned reflex to a circle from 4 ellipses with 
axis-ratios of 1:2, 2:3, 3:4, and 4:5, after the circle had been applied 
with reinforcement for 392 times and the ellipses without reinforce- 
ment for 21, 17, 9, and 14 times respectively. A further attempt 
to differentiate between the circle and an ellipse with an axis-ratio 
of 8:9 not only failed, in spite of additional 93 positive and 28 
negative applications, but also threw the animal into neurasthenia 
with a resulting loss of the previously established differentiations. 
227 more positive and 50, 5, 6, and 7 more negative applications 
of the 4 old ellipses were required to reéstablish the old differentia- 
tions. But even now 23 additional positive and 7 more negative 
stimulations showed no progress in the development of the differen- 
tiation from the 5th ellipse. Goubergritz is, however, reported to 
have succeeded in attaining a differentiation between a circle and an 
ellipse with an axis-ratio of 8:9. 


Visual Perception of Movement. Wurtzel (42) was the first 
to report the attainment of a partial differentiation of visual per- 
ception of the rate of movement and also a discrimination of 
horizontal from vertical movements. Orbeli (29) formed a con 
ditioned reflex to a cross moving horizontally back and forth over 
a screen with a rate of 30 times per minute and differentiated the 
reflex from a similar vertical movement after 20 negative applica- 
tions. Shenger-Krestovnikova (32) reported a differentiation of 
vertical from horizontal movement after 123 positive and 67 negative 
65 positive and 17 negative, and 96 positive and 43 negative applica- 
tions in 3 dogs respectively; also a differentiation was established 
between clockwise and counter-clockwise movement after 712 


The large differences in the number of times necessary for the formation 
of simple and differential conditioned reflexes in various dogs is due not only 
to individual differences but also to the amount and kind of experimental con- 
ditioning which the dog may have undergone before. 
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positive and 214 negative, 214 positive and 136 negative, and 245 
positive and 81 negative applications. Goubergritz (15) is also 
reported to have obtained a differentiation between clockwise and 
counter-clockwise movement. 


C. TAcTILE 


Kasherininova (20) was the first to work with the differentiation 
of tactile stimuli. She obtained partial differentiations of kinds of 
stimulations, as pressing from pricking and from scratching and 
also in certain places and under certain conditions, differentiations 
of areas as small as 1 to 2 cm. in diameter. Israelson (17) of 
Bekhterev’s laboratory is reported to have developed differentiations 
after a few hundred applications between points 1 to 2 cm. distant 
from each other on the left side of the nape and 4 to 5 cm. apart 
on the thigh. Nikiforovski (27) obtained a differentiation of a 
point on the back 10 cm. distant from the sacrum after 293 positive 
and 19 negative applications, while NaBr which had been adminis- 
tered after 270 positive and 5 negative applications gave no satis- 
factory results. 

A detailed experiment on the differentiation of tactile stimuli 
was performed in Bekhterev’s laboratory by Shevalev (33). Three 
points in one animal and one point in another were firmly conditioned 
to an electric shock and the excitability of the neighboring areas 
was then carefully tested. The conditioned stimulus was applied by 
means of a percussion-hammer the rubber end of which precluded 
largely temperature stimulation. The locations of the points were 
as follows: Point No. 1 on the right thigh: up to the spine—13 cms., 
down to the ankle-joint—20 cm., back to the free end of the 
buttocks—9 cm., and front to the forward end of the thigh—8 cm., 
Point No. 2: 5 cm. to the right of the spine, 18 cm. behind the 
greater tubercule of the humerus, and 17 cm. in front of the inguinal 
articulation. Point No. 3: the same as point No. 1 but on the left 
thigh. Point No. 4: 13 cm. from the Olecranon when in standing 
position with drawn out extremities, 7 cm. from the greater tuber- 
cule of the humerus, 10 cm. to the right from the spine, and 20 cm. 
in front of the ribs. The results with the excitable areas stippled 
are given in the accompanying figures. Figure A represents a 
differentiated excitable area after about 2%4 months of experi- 
mentation. This area had the same form when it was tested 
after a period of 10 days of rest, but when tried after nearly 
2 months, the region of excitability changed its shape to that of 
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figure B. After an intermission of 7 months the entire conditioned 
reflex nearly disappeared, a faint conditioned respiratory change 


ae eed 











Ficure 1 


only having been left; but, when conditioning recommenced, the 
stage of B was passed and later a region a little narrower than A 
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but of the same form was approached. The same form of an excit- 
able region, but a little narrower, was obtained around point No. 3 
on the left thigh. In the course of the experimentation with the 
point on the left thigh some inhibition developed and the region of 
excitability became telescoped and took the form of figure D. The 
old points had lost their ability to produce the desired response and 
new points acquired this power without any previous conditioning. 
Figure C represents a region of excitability around point No. 2 in 
the same dog, which had been obtained after about a month’s work 
and which persisted after a 10 days’ intermission. Figure E is of 
an area in which was produced the desired conditioned reflex around 
point No. 4 in another dog; this region is a result of about 3 months 
of work with a rest of a month in the middle. 

Kupalov (25) attempted to differentiate 22 points at various 
distances away from a 23rd active point on the left. The develop- 
ment of the differentiation may be illustrated by a sample from his 
results. In one dog a distance 44 cms. away from the active point 
gave after 55 trials 100 per cent of the response to the active point; 
after 212 trials a distance 5 cms. away gave only 69 per cent. In 
another dog a distance of 35 cms. away from the active point pro- 
duced 100 per cent of the secretion after 112 trials; after 232 trials 
a distance 8 cms. away brought about only 44 per cent. In a third 
dog a distance of 23 cms. was capable of a response of 71 per cent 
after 43 trials, but after 166 trials a distance of 21 cms. away 
elicited only 6 per cent of the desired reflex. 

Rosenthal (31) worked on the differentiation of rate of tactile 
stimulations. A rhythm rate of 12 stimulations per 30 seconds 


on a point on the right thigh was made a conditioned stimulus and 


differentiated from a rate of 60 similar applications per 30 seconds 
on the same point after 951 positive and 60 negative applications, 
while a closer differentiation between the active rate and a rate of 
30 per half minute was obtained by 151 positive and 61 negative 
additional applications of the respective stimulations. 


D. “THERMAL 
Voskoboinikova-Granstrem (40) was the first to work with condi- 
tioned thermal stimuli. She formed conditioned reflexes to tempera- 
tures of 44° to 50° C. in two dogs and found that the reflexes 
generalized to 25° to 30° C. Solomonovy (35) at first transmitted 
the thermal stimuli by means of water flowing through a tube 
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cemented to the animal but later changed to an electrical apparatus 
having a Wheatstone’s bridge and exact to 0.1° C. He succeeded 
in attaining a differentiation between 45° and 47.5° C. in one dog 
after 7 experimental days spent in contrasting; it took 6 days in 
another and 5 days in a third dog to discriminate between 45° and 
42° C. There was a complete transfer, i.e., a differentiation of a 
point above the active carried over without further training to a point 
below, and vice versa. The lower thresholds which were found to be 
39° in 2 dogs and 38° in the third corresponded to the body tem- 
peratures of 36.7° in the first two and 36° in the third animal. The 
investigator believes that finer thresholds could be attained upon 
further experimentation. 

Vasiliev (40) was unable to establish a differentiation between 
stimuli of 42° to 47° and those of O° to —2° C., a fact which 
conforms with the results of subjective observation of the over- 
lapping of heat and cold sensations. 


E. OLFACTORY 

Two of Kourdrin’s (21) dogs were able to differentiate camphor 
from vanillin, naphthalene, tributyrin, and oil of bergamot, and a 
third dog showed discrimination between camphor and amyl acid 
even after the posterior hemispheres had been extirpated. <A 
specially constructed apparatus, designed to rule out stimulations 
of other modalities and control the stimuli, was used. The ease 
of differentiation suggests that a large amount of interesting data 
could be obtained by further and finer experimentations on the 
olfactory capacity of the dog. Nikiforovski (27) had a dog dif- 
ferentiate, with the aid of NaBr, between camphor and vanillin 
after 35 positive and 8 negative applications. Bondyreva (6) of 
3ekhterev’s laboratory is reported to have observed differentiations 
between oil of clove, camphor, and asafetida by means of the condi- 
tioned motor reflex to a shock, while Kunaev (24) in the same 
laboratory obtained a differentiation of meat from turpentine and 
mint. 


F. GuUSTATORY 


The difficulty of experimenting on taste stimuli by means of 
the salivary reflex is evident. The motor reflex offers better pros- 
pects, although the possibility of ruling out all stimulations from 
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other modalities is so far doubtful. Golant (14) reported a strict 
differentiation of a 4 per cent solution and also a 2 per cent salt 
solution by means of a special device designed to rule out many 
but not all extraneous stimuli. She does not give any details of the 
development of the differentiations. 


G. Tue DIFFERENTIATION OF THE ORDER OF SUCCESSIVE STIMULI 


If two or more stimuli are applied successively to form a com- 
pound conditioned stimulus, different orders of application of the 
separate components may be differentiated from each other.’ Babkin 
(3) is reported to have obtained a differentiation of the sequence 
of 290, 325, 370, and 413 dv. on tuning pipes from all its 23 pos- 
sible permutations. In view of the difficulty of differentiating the 
orders of four-membered sequences of much more dissimilar ele- 
ments by recent investigators, his results may perhaps be doubted. 
Stroganov (36) established a differentiation between a sequence in 
the order of flash of lamp + tactile stimulus + the sound of bub- 
bling of water from the reverse order of sound + tactile + flash, 
after 1356 positive and 600 negative applications. Each component 
was applied for a second and separated from the subsequent com- 
ponent by another second, while the pauses between succeeding 
sequences were 3 seconds, the sequences having been given 4 times 
during 29 seconds and then reinforced by the unconditioned stimulus. 
A similar differentiation was recently made by Eurman (9). 
Grigorovich (16) is reported to have developed a not too stable 
differentiation between light + tone + tactile from tactile + tone + 
light after 750 positive and 100 negative applications. 

Ivanov-Smolensky (19) attempted a differentiation of a noise 
+ tone of 132 dv.+a tone of 1161 dv.+ a bell from a changed 
order of a noise +a tone of 1161 -++a tone of 132+ a bell, each 
order having been given 3 times in the course of 29 seconds and 
the positive order reinforced on the 30th second. Five months of 
experimentation with 210 negative and 450 positive applications did 
not produce any satisfactory differentiation. The conditioned motor 
reflex to an electric shock was then tried, but 230 positive and 90 


8 The differentiation of compound stimuli from their components, as well as 
the differentiation from each other of compound stimuli the components of 
which are not all alike, will not be considered here. 
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negative stimulations gave no better results. Ten daily injections 
of KBr brought about very slight and inconsistent improvements. 
As the difficulty of the task was thought to be due largely to the fact 
that all the four components were of the same (auditory) modality, 
the first and fourth members were changed to a flash of a lamp and 
a tactile stimulus respectively. A differentiation was now obtained 
after 65 to 75 negative applications. The fourth component was 
then changed back to the original bell and a new differentiation was 
easily formed. Finally, the first original component, the noise, was 
restored to its position, replacing the flash of the lamp, and a 
differentiation between the two original sequences was established. 
This differentiation did not, however, last long and was lost after 
a few days of further experimentation. The animal fell into a 
neurosis indicating that such a discrimination had been the limit of 
his capacity. 

One of the important points brought out by the Russian experi- 
ments is the influence of training upon sensory capacity. It would 
seem that sensory thresholds are not merely fixed, hereditary, and 
unaltered, but that they may be modified by training and are in 
general functional or of a dynamic nature. Under ordinary cir- 
cumstances the organism does not posses and is not capable of using, 
in ordinary life situations, that fine discrimination which the labora- 
tory is able to elicit by presenting special situations and by gradual 
periods of training. This is strongly indicated in numerous experi- 
ments by the extreme lability of the thresholds, by their gradual 
development, by the special difficulty of their retention, and par- 
ticularly by the fact that their successful establishment must start 
with tasks much above and gradually approach the threshold. These 
facts cannot be wholly, if at all, accounted for by an assumption of 
fixed sensory capacity merely revealed through S-R modifications 
i.e., by the behavior of conditioned reflexes not near to the absolute 
or differential thresholds. This non-fixity of thresholds, evinced by 
objective experimentation on animals, brings this work in line with 
similar conclusions reached by the Method of Constant Stimuli in 
the classical psychophysical experiments, and suggests interesting 
analogies. 
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INTRODUCTION 


Experimental results indicate that the span of visual apprehension 
for certain types of material is an important determinant of reading 
ability. Thus it is desirable to consider both visual apprehension 
and perception in reading in order to show to the best advantage their 
relationship to the reading process. Good summaries of most of 
the early work on visual apprehension are given by Huey (64) and 
Whipple (104).' It will be necessary for us to review briefly some 
of these earlier findings in relation to our discussion of more recent 
results. Perception in relation to reading disabilities will not be dis- 
cussed in this report; neither will the effects of legibility on percep- 
tion be included, since the latter has been recently summarized (94). 

Most of the earlier investigators have considered that the number of 
objects apprehended correctly from a very brief exposure (of material 
presented simultaneously or successively) is the range of attention. 
The common statement is that the range of attention for simultane- 
ously presented objects is 4 to 6 items. Fernberger (34) and Dallen- 
bach (16) point out convincingly that these experimental findings 
actually concern visual apprehension, and not range of attention. 
Recent experiments and discussions by Fernberger, Dallenbach, and 
their pupils (16, 17, 18, 19, 34, 35, 44, 74,75) have attempted to dif- 
ferentiate between range of attention, cognition, and apprehension. 
Dallenbach (19) presents results indicating that the attentive con- 
sciousness exists as an integrated whole and thus the range of atten- 
tion is unity. With tachistoscopically exposed material he found that 
the number of items correctly identified varied inversely with the 
degree of cognition present. Related to this is the viewpoint of 
Kunzler, cited by Hoffmann (60), who distinguishes between clearly 
seen objects (letters) and those identified or grasped. He states that 
as many as twenty letters in nonsense arrangement could be seen 


1 Textbook discussions of perception in reading are to be found in the 
following references: 5, 38, 76, 90, 91, 92, 102, 109. 
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clearly but not named. This figure approximates the range (nineteen 
objects) found by Dallenbach where cognition was at a minimum 
(subject merely reported attributive clearness or vividness). Schu- 
mann (85) also emphasizes the view that we can see outlines clearly 
without recognizing or identifying objects. From his own results 
Kunzler concludes that comprehension must be added to the act of 
seeing in order to achieve perception. Opposed to Dallenbach’s stands 
is that of Fernberger (35) and Oberly (74), who maintain that 
where the apprehension of exposed material is immediate, i.e., all 
items perceived in a single flash of consciousness with an equal degree 
of clearness, we obtain the span of attention. Where attentional 
grouping occurred and the material was grasped in a single flash of 
consciousness the process, together with the first category, is termed 
cognition. Reimaging the material, and in this way ascertaining 
the number of items, is called counting. This, together with the first 
two categories, they classify as apprehension. Thus Fernberger and 
Oberly consider that the range of attention experiment involves 
apprehension, while Dallenbach excludes apprehension from it. 


VISUAL APPREHENSION 


We shall consider the span of visual apprehension? to consist 
of the number of items that can be apprehended from briefly exposed 
material presented simultaneously or serially. 

All results from studies on visual apprehension are not strictly 
comparable with each other, for there exists considerable variation 
in methods of experimentation (see Gill and Dallenbach, 44) and 
scoring. Investigations of visual apprehension and perception in 
reading have employed most frequently the tachistoscopic or short 
exposure technique of presenting stimuli. Three common methods 
of scoring have been used in the more recent studies: (1) counting 
the correctly reproduced and correctly located items; (2) giving one 
point for items correctly reproduced and located, and one-half point 
for each transposed item; (3) calculation of the statistical limen 
(the stimulus value for which there are correct judgments in 50 per 
cent of the cases). Both Fernberger and Dallenbach consider that 
the third yields the most reliable measure of the range of visual 
apprehension. Part of the variation in the values reported for span 
of visual apprehension undoubtedly is due to these different methods 
of evaluating data. 

2 Perceptual span and span of visual apprehension are used synonymously 
by the reviewer. 
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Various early investigations (7, 8, 9, 11, 33, 58) have shown that 
it takes an appreciable time for presented stimuli to arouse a visual 
perception. Cattell (8,9) demonstrates that part of this interval is 
due to the inertia of the sense organ (retina) and part to the nature 
of the material presented. 

In an experiment in which the subjects merely reported the num- 
ber of objects present, Fernberger (34) gives 6 to 11 dots as the 
span of visual apprehension. A similar study by Oberly (74) 
yielded spans of approximately 7 to 9 dots for the different observers. 
Cattell (7,8) found that the largest number of ruled perpendicular 
lines named correctly was 4 to 6. For adults, Freeman’s (38, 39) 
determination of the span of apprehension for spots of light was 
4 to 5 impressions. These smaller perceptual spans reported by 
Cattell and Freeman are probably a function of the experimental 
conditions. They are comparable in size to results where identification 
of objects is called for. 

Where reproduction or identification of exposed items is required 
the span of visual apprehension is reduced somewhat. Goldscheider 
and Miiller (45) discovered that for straight and curved lines in unre- 
lated arrangements, about four strokes could be described and repro- 
duced. However, if these strokes were presented in symmetrical 
figures, squares, or regular patterns, the number of strokes that could 
be reproduced was greatly increased over the previous nonsense 
arrangement. For unrelated objects Whipple (103) obtained a per- 
ceptual span of 4 to 5 items. Gundlach, Rothschild and Young (55) 
found that, for the adults, the location of 4 to 5 flashes of light could 
be indicated correctly. It is seen that the results reported in these 
last three studies are very similar. 

Unrelated letters are apprehended about as readily as other unre- 
lated objects. Cattell’s (7,8) observers could reproduce 3 to 4 
unrelated letters. With a very short exposure, Erdmann and 
Dodge (31,32) found that the span was 3 to 4 letters, while with 
an exposure of one-tenth second the number of letters grasped was 
4 most of the time and 5 some of the time. Similarly Hoffmann’s 
results (61) for adults showed a perceptual span of 4.8 unrelated 
letters. Other studies, employing unrelated series of letters, have 
yielded similar results: Zeitler (110), span of 4 to 7; Schu- 
mann (86), 3 to 4. Scoring for correct letters rightly placed, 
Finzi (36) found the perceptual span to be 2.23 to 3.67 letters. With 
the same method of scoring, Tinker (96) reports the span to be 2.7 
to 3.7 letters. The results of the last two studies are similar to each 
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other but somewhat smaller than those cited above. The short spans 
reported by Tinker and Finzi reflect clearly the method of scoring. 

The perceptual span for digits is usually a little larger than for 
letters. Cattell (10) placed the upper limit for digit-span at 5 
(compared with 3 to 4 letters). Finzi (36), counting only those 
digits correctly placed in the series, gives the span as 3.26 (compared 
with 2.32 for letters). 

Dearborn (22), Terry (93), and Tinker (95) have cited results 
which suggest that there is a natural tendency to apprehend numbers 
of 2 or 3 digits as a unit. Therefore grouping may facilitate an 
increase in the number of digits apprehended. In studying the 
effect of grouping on the perception of digits, Weinland (100) found 
that three groups of 2 digits each and one group of 6 were appre- 
hended more readily than the 2-4, 4-2, or 3-3 groupings. He (101) 
also discovered that for the same number of items a combination of 
letters with digits was more readily apprehended than series composed 
of all digits. 

When letters are presented in the form of nonsense syllables the 
number apprehended per exposure is increased over that for unre- 
lated letters. According to Finzi (36) the number of letters grasped 
in the correct order when presented as nonsense syllables was 3.17, 
compared with 2.32 for unrelated letters. In Whipple’s study (103), 
series of letters containing nonsense syllables frequently made it 
possible for some observers to grasp as high as 7 letters. In the 
report of a similar experiment, Zeitler (110) points out that when 
vowels are interspersed with consonants the observers could appre- 
hend about one more item per exposure than when all consonants 
were used. Hoffmann’s (61) adult group reproduced 7.8 letters for 
nonsense syllables compared with 4.8 for unrelated letters. 

When groups of unrelated words are presented tachistoscopically 
the number of letters apprehended is greater than that for nonsense 
syllables, although the number of words grasped is comparable to 
that of letters in nonsense series. For short, one-sylliable, unrelated 
words, Cattell (7,8) states that 2 to 3 words could be apprehended 
in a single short exposure. In their experiments, Erdmann and 
Dodge (31,32) found that usually 4 and often 5 words could be 
read per exposure (as many as 16 letters). Under similar conditions 
Hoffmann’s (61) adult subjects apprehended on the average 19.4 
letters. Zeitler (110) and also Becher (4) discovered that isolated 
words of 25 to 26 letters could be grasped in a single very short 
exposure. The investigations of Erdmann and Dodge indicate that 
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the difficulty of perceiving words is not directly proportional to their 
length, though longer words do involve longer reading times. When 
words are presented in phrases or sentences the perceptual span is 
increased by nearly one word over that for unrelated words. Under 
such conditions the span was found to be 4 to 6 words by Erdmann 
and Dodge (31, 32) and also by Cattell (7,8). 

Tinker (96), crediting only correctly reproduced and correctly 
located items, noted that the perceptual span for mathematical 
formulae included nearly twice as many items as the span for unre- 
lated letters: 5.08 compared with 2.96. The largest formula read 
correctly had 12 items; the longest letter series, 7 letters. 

A survey of these studies on visual apprehension indicates clearly 
that there'is a natural tendency to combine the different elements of 
a visual impression into higher perceptual units whenever grouping 
is possible. We have seen that this occurs in the perception of sym- 
metrical groups of lines, dots, or geometrical figures; in the appre- 
hension of items in formulae; in the perception of letters in the 
form of nonsense syllables or words; in the perception of words in 
phrases or sentences. 


Several other factors influence the span of visual apprehension. 
It has been pointed out by Warden (99) that the factor of movement 
in presenting stimuli somewhat facilitates apprehension. Ransch- 


burg’s results (82) show that form (6 and 9 are similar in form; 
7 and O dissimilar) and arrangement of digits in the series influence 
the facility of apprehension. Heterogeneity of form and no repeti- 
tion of digits within a series favored greater efficiency. Both Whip- 
ple (103) and Tinker (96) point out that increasing the number of 
items in the series increased the perceptual span slightly. Gates (41) 
found, however, that when the number of items in a stimulus series 
was greater than the perceptual span of the subject he grasped fewer 
items than his span. Since Gates’ exposure time was comparatively 
much longer than that in the other two studies, the results are not 
strictly comparable. In a recent study Crosland and Johnson (13) 
report results which indicate that, in series of letters, the position at 
the left end is the most favorable position in the series for correct 
apprehension, and that each succeeding position toward the right is 
less favorable than the location at its left. Letter series of various 
lengths were used. This undoubtedly favored the above findings, for 
responses are more uniformly correct with the shorter series in visual 
apprehension work. This, of course, would tend to give more correct 
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responses to the positions at the left when all results are considered 
together. 

In an experiment on the estimation of number Burnett (6) dis- 
covered that the judgments of his observers concerning the number 
of items in the material presented were influenced by group-area, 
internal distribution, order, and complexity in group composition; 
by the size, form, color, brightness, and complexity of the individual 
items; and by the character of the environment. Several of these 
factors also effect visual apprehension. Hart (57) determined the 
range of visual apprehension for colored (red, yellow, blue, green) 
stimuli. The limens (perceptual spans) for red stimuli were uni- 
formly largest; the limens for green were consistently smallest; 
those for yellow and blue intermediate. In a similar study for 
brightness effects, in which black, dark gray, and light gray stimuli 
were employed, Cooper (12) noted that the more intense stimulus 
(black) was effective in producing a higher limen (span) than dark 
gray or light gray, which yielded limens approximately equal to each 
other. 

Working with school children, Jones (68) has demonstrated the 
existence of wide individual differences in perceptual span. A sim- 
ilar wide range of individual differences occurs in the span of visual 
apprehension for adults, as is shown in investigations by Hoff- 
mann (61), Huey (62), Whipple (103), and others. 

There seems to be a rather definite relationship between span of 
visual apprehension and mental endowment. Ranschburg (83), using 
rather large groups of observers, discovered that feebleminded chil- 
dren have a definitely smaller perceptual span than normal children. 
Analogous results appeared in an investigation by Dallenbach (21). 
In this latter study the correlation between span of visual apprehen- 
sion and mental age was .70+.05. Similarly, Hoffmann (61) found 
a correlation of .60+.02 between general intelligence and perceptual 
span. Griffing (52) likewise noted that bright pupils have a larger 
span than average or dull pupils. 

Span of visual apprehension appears to be related to achievement 
along various lines. Gray (47) shows graphically that the range of 
visual apprehension increases as the rate of reading increases. Cor- 
relations between perceptual span for familiar words and arithmetical 
performance, span and reading, and span and composition, were all 
approximately .50+ .03 in Hoffmann’s investigation (61). The 
span for nonsense series of letters with these same performances 
yielded correlations of about .20+ .08. In a study of Mueller’s, 











VISUAL APPREHENSION AND PERCEPTION IN READING 229 


— 


cited by Starch (91), span of visual apprehension for letters cor- 
related .41 with reading (speed plus comprehension), but between 
span for words and reading the correlation was .70. The variation 
in the size of these coefficients indicates that visual apprehension or 
perception is not consistent for different types of material. This 
view seems to be confirmed by Gates (42,43), who found that 
achievement in perception tests involving words correlated quite well 
with reading, but achievement in other kinds of perception tests, as 
in material made up of geometrical figures or digits, did not correlate 
well with reading. The various forms of perception correlated very 
low with each other except where the material was similar (as both 
involving words). He concludes that there is no “ general visual 
perception” but rather abilities to perceive words, digits, etc., and 
that each ability is relatively independent of the others. Whipple’s 
results (103) for visual apprehension support this view. 

Duration of exposure has some effect on perceptual span. Erd- 
mann and Dodge (31) found that an exposure duration of 2.50 per- 
mitted apprehension of 3 to 4 letters. When the time was somewhat 
more than this, but less than 100e, 4 to 5 letters were grasped per 
exposure. In a more recent experiment Whipple (103) obtained an 
average perceptual span of 4.82 items with an exposure of 80c. 
Increasing the exposure interval to six seconds gave a span of 6.3 
items. Lengthening the exposure time increased the span more with 
sense than with nonsense material. Many different exposure inter- 
vals have been employed.’ It is evident that very short exposures 
limit the perceptual span somewhat, and comparatively long exposures 
increase the span. There is no evidence to indicate that a change of 
exposure interval, in which the duration of the exposure is kept 
within the limits of about 400 to 160c, would influence significantly 
the perceptual span. 

Several studies present data which indicate that practice increases 
the range of visual apprehension. Aiken (1) made extravagant 
claims concerning the effect of practice on perceptual span and its 
transfer effect. To test these assertions, Whipple (103) carried out 
an experiment on adults. In this he discovered that practice brought 
only slight increases in span, which were explained by habituation to 


Very brief exposures were used in many of the early studies to prevent 
wandering of the attention and eye movements. Erdmann and Dodge (31) 
present results which indicate that an exposure interval of about 100¢ prevents 


the occurrence of any eye movements during the exposure and yields valid 
and reliable results. 
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the experimental conditions and development of the trick of grouping, 
Gain from practice was usually less than one item per exposure. In 
a more intensive experiment, also with adults as subjects, Foster (37) 
obtained from practice 6 to 44 per cent gain in perceptual span. 
The practice gains were large in the early and small in the later stages 
of the experiment. The gains were much greater with sense than 
with nonsense material. The ability gained was very specific, iz. 
limited to the material used. In a similar experiment on visual 
apprehension in children, Dallenbach (20) also found a rapid im- 
provement at first and then a much slower one. This improvement 
was slower and more persistent with the children of poorer mental 
ability. Men and boys were superior to women and girls in per- 
ceptual span. Practice effects were still present after at interval of 
forty-one weeks. However, in another study, Griffing (52) discov- 
ered no sex differences. In a later investigation Dallenbach (21), 
working entirely with feebleminded children, noted that the effects of 
practice were characterized by a slow and gradual improvement which 
was relatively permanent after an interval of thirty-six weeks. The 
subjects of Gundlach, Rothschild and Young (55) also exhibited 
definite improvement with practice. Scott (89), O’Brien (76), 
Gray (47), and others have demonstrated that flash card training in 
visual apprehension improves the reading speed of children. 

According to the results from several experiments, span of visual 
apprehension varies with age. Dallenbach (20) obtained a low posi- 
tive correlation between age and perceptual span. In Gundlach, 
Rothschild and Young’s results (55) the range of visual apprehension 
increased steadily from 6 to 14 or 16 years and then did not increase 
much more for older ages. Griffing’s data (52) led him to conclude 
that perceptual span is a function of individual growth and does not 
reach its maximum until adulthood. When four or fewer objects 
were exposed, Freeman (38,39) found that the visual apprehension 
of adults was only slightly better than that of children. However, 
with more complex material (more objects per exposure) there was a 
decided advantage for the adults. The findings of Hoffmann (61) 
reveal a direct relationship between age and span of visual apprehen- 
sion. The increase in span with age was greatest during the early 
school years, but the adult level was not reached at age fourteen (the 
oldest children tested). 

Various studies indicate that context influences perceptual spam. 
Investigations by Quantz (81), Hamilton (56), Huey (62, 63), and 
others have proved that more words can be apprehended, or the read- 
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ing is faster, from exposures of phrases, sentences, or paragraphs 
than from series of unrelated words. The investigation (56) of 
Hamilton reveals the fact that the phrase, the sentence, and the para- 
graph are constituent elements of context and appear to have a 
definite measurable value as a factor in word recognition. 

According to the findings of Ruediger (84), no relationship 
exists between the area of distinct vision and range of visual appre- 
hension. It was evident that, in continuous reading, even rapid 
readers did not use all the retinal extent available for seeing words. 
In an eye movement study (47) Gray points out that the reader does 
not make use of the full span of apprehension, but that there is a 
rather large amount of overlapping by the successive fields of vision. 
In this relation, O’Brien states that the relative perceptual span 
(number of words read per fixation) is usually much smaller than 
the ab: lute perceptual span (range of visual apprehension). In like 
manner other investigations (22, 30) have demonstrated that succeed- 
ing fields of perception along a line of print overlap considerably. 


PERCEPTION IN READING 

Observation shows clearly that, in reading, the eyes execute a 
series of quick, jerky moves (called saccadic eye movements because 
af their nature) which alternate with short pauses. The experiments 
of Erdmann and Dodge (31) and Dodge (25, 28) have proved that 
perception in reading occurs during the pauses, since there is no clear 
vision during saccadic eye movements. Dodge (24,30) emphasizes 
the different roles of foveal vision and peripheral vision in the read- 
ing process. Foveal vision constitutes the core of perception, while 
peripheral vision supplements the former by furnishing premonitions 
of coming words and phrases. These premonitions usually reduce 
the number and duration of fixations in the last half of lines. Dear- 
born (22) points out that the first fixation in a line is usually much 
longer than the succeeding ones. This fact, which was confirmed by 
Dodge (30), allows a preliminary survey of the right-hand half of the 
line in peripheral vision. Since the right half of a line is read with 
fewer and shorter pauses, the total duration of clear vision in the 
right half is less than for the left half. In his monograph, Cros- 
land (14) states that proofreaders make more errors as they approach 
the extreme right end of the line, a fact which is undoubtedly related 
to the conditions just cited. Dodge (30) and also Meumann (73) 
cite results which show that the cues from peripheral vision are 


important in guiding the eye to its next fixation. In an experiment 
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on visual apprehension Wagner (98) found that seeing the succeed- 
ing words first in peripheral vision greatly aided perception of these 
words when they were brought into the field of clear vision. 

On the question of whether we read words by wholes or by suc- 
cessive apprehension of their parts there are differences of opinion 
derived from the experimental results. Nearly all experimentation 
bearing on this question has been performed with the short exposure 
technique.* Valentius (97) one of the earliest investigators, consid- 
ered that every letter in a word was separately perceived. The first 
important studies on the problem were those of Cattell, which began 
to appear about 1885. He discovered (7,11) that short words could 
be named quicker than single letters. The time taken for longer 
words was not proportional to their length. The slower response for 
the longer words probably came in part from the.complex verbaliza- 
tion involved in pronouncing them. When combined into sentences, 
more words per exposure could be grasped than when they were in 
an unrelated series. From these results he concludes that we do not 
perceive by successive letters but rather by words, phrase, or sentence. 

Goldscheider and Miiller (45) point out that certain letters and 
letter complexes were more influential than others in determining the 
determining letters” as 


sé 


recognition of words. They called these 
opposed to the “ indifferent” ones. The first letter of a word belongs 
to the class of determining letters. Consonants, because of their 
characteristic form, are more often determining letters than vowels. 
However, the latter are found in this class, probably because they 
give a clew as to the number of syllables in the word. They found 
that these determining letters were more important in the recognition 
of words than other factors because they gave characteristic form 
to the word. Thus the recognition of the more familiar words 
involved less successive apprehension of letters. There is the possi- 
bility of reading by letters, by groups of letters, by syllables, or by 
word wholes; the procedure being determined largely by the famil- 
iarty of the word or its difficulty. If the reading is by word wholes 
the characteristic form of the word is conditioned mainly by the deter- 
mining letters present. Their conclusion was that the determining 
letters or letter complexes aroused the auditory image of the word 
and the word was then filled out through association. 


4 While tachistoscopic reading is not a normal reading situation, many of 
the facts educed from this type of investigation have been shown to be inti- 
mately related to normal reading. Evaluation and criticism of tachistoscopic 
reading wil! be found in references: 4, 22, 31, 60, 71, 86, 104, 108. 
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From their studies on perception Erdmann and Dodge (31, 32) 
concluded that total form is the essential thing in word perception and 
that words are read as units. They do not deny, however, that deter- 
mining letters condition word form. Crosland (14) considers the 
tendency to perceive words as units to be influential in lessening the 
accuracy of proofreading. Zeitler (110) agreed with Goldscheider 
and Miiller that the real stimulus in word perception consists largely 
of determining letters or letter complexes which are important factors 
in producing word form. But he differs from them in concluding 
that certain syllable complexes are apperceived and then the rest of 
the word is supplied associatively. In a more recent study Kutz- 
ner (71) states that word form comes not only from characteristic 
ascending and descending letters but also from the place value of 
characteristic letters within the word. Winch (106) takes a stand 
somewhat similar to that of Zeitler. After an analysis of the errors 
made by children in a reading experiment, he concluded that they do 
not learn to read by the general appearance of a word. He considers 
that children see a letter or letters whose sound they are familiar with 
and “jump” through association to the nearest word they know. 
This view emphasizes the auditory-motor element in word perception 
and is somewhat similar to that of certain German investigators, as 
Korte (70), who criticizes Erdmann and Dodge’s stand. Zeit- 
ler (110), as well as Messmer (72), noted that tall letters which 
project above the line were usually the determining letters. Accord- 
ing to Messmer, each word possesses an optically individual type. 
This optical total character plus the influence of dominant letters is 
considered to be the main factor in word perception. First Javal (66) 
and later Huey (64) observed that the upper part of letters and words 
are much more essential for word perception than the lower part. 
soth Huey (64) and Pillsbury (77) found that the letters or letter 
complexes which form the first part of words are more important for 
correct perception than those in the latter part. 

Wagner (98) has criticized the concept of determining letters by 
showing that the difference in optical value between the different 
kinds of (tall and short) letters is small. It is probably not valid 
to apply such results to letters in the context of words. Kutz- 
ner (71) considers that we read each letter in a word even though 
the perception of the single letters is concealed by the great famil- 
iarity with form. This is a vague distinction and very difficult 
to reconcile with the findings of both Pillsbury (77) and Goldscheider 
and Miiller (45). The view that the perception of words is mediated 
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through recognition of single letters is held by Wiegand (105), but 
his stand approaches that of Zeitler rather than Kutzner. The work 
of Grossart (53) tends to support perception by word form but 
emphasizes the influence of associative internal factors. In a percep- 
tion experiment Wagner (98) instructed subjects to report the num- 
ber of letters identified and also to reproduce as many of them as 
possible. The number given and the number identified were the 
same for nonsense material. However, for sense material (i.¢,, 
words) nearly twice as many letters were reproduced as identified. 
This certainly does not contradict the concept of perception by total 
word form. Nevertheless, Wagner explains the results on other 
grounds. It is likely, as Korte (70a) points out, that Wagner’s sub- 
jects were set for identification of letters and thus delayed the per- 
ception of the whole word. In his own study (70a), working entirely 
with indirect vision, Korte identifies three successive stages in word 
perception: (1) grasping the general properties of the visual impres- 
sion as a whole; (2) grasping characteristic marks or letters; (3) 
grasping enough details in the sense impression to give unequivocal 
apprehension. The following cues favored recognition of letters: 
right and acute angles; circles, arcs, and hooks; ascending and 
descending parts of letters; breadth of letters and simplicity of form. 
Points cited as important for word recognition were: (1) a regular 
exchange of long and short letters; ascenders (as h) yielded better 
cues than descenders (as p); (2) words composed of all short letters 
were difficult to read; (3) increased length hindered easy apprehen- 
sion; (4) meaningfulness of the words used also influenced appre- 
hension. The above are valid for indirect vision. Korte does not 
admit that, in ordinary reading, optical total form is the important 
factor in word perception. According to him, the process of percep- 
tion begins with optical total impression, then identification of con- 
stituent parts which arouse an auditory-motor image. From this a 
new image of total form arises. All act together and influence each 
other. In an earlier study Messmer (72) stated that variation of 
horizontal breadth, vertical height, and geometrical form of letters 
within words were the three main factors conditioning total optical 
form of words. He did not consider length of word important in 
this respect. Although Korte opposes the concept of total word form 
and emphasizes the arousal of the auditor-motor image, nothing he 
presents is in direct opposition to the Erdmann and Dodge concept of 
total word form as a factor in perception of words. 

There are conflicting views as to whether the perception of a word 
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is a simultaneous or a successive process. Wundt (108) claims that 
it cannot be simultaneous, while Erdmann and Dodge (31) are 
opposed to successive apprehension of parts in perceiving words. 
Messmer (72) asserts that both processes are present. Both 
Becher (4) and Dearborn (22) have shown that words may be read 
without any wandering of the attention (involved in successive appre- 
hension). The studies of Kunzler, cited by Hoffmann (60), and 
Schumann (87) indicate that there may be a successive process 
present but that it need not always occur in the perception of a word. 

Messmer (72) has distinguished two types of readers, the objec- 
tive and the subjective. In objective reading the field of visual fixa- 
tion is narrow and few letters are apprehended per exposure. These 
readers recognized dominant parts first and were little influenced 
by total form in perceiving words. The subjective type of reader 
was characterized by a wide field of visual fixation and for them total 
form was the important element in word perception. He states that 
the subjective type of reader is the more common among both adults 
and children. Weigand (105) has confirmed Messmer’s two types of 
readers (objective and subjective) but notes that they are not sharply 
distinct from each other. In a later study Buchi, cited by Hoff- 
mann (60), also distinguishes objective and subjective readers but 
calls them reliable and unreliable. Grossart (53) considers the dis- 
tinction of reading types valid but characterizes the objective as a 
passive-receptive type of reader who tends to grasp an object in all 
its units. He characterizes the subjective reader as an active and 
assimilating type who tends especially to reproduce a word and thus 
gradually to acquire a clearer recognition of the correct word. 
Schumann (86) has given two other types of readers: (1) the visual 
type of reader who is able to retain the visual image of the stimulus 
for quite a while; (2) the auditory-motor type who has poor visual 
imagery. The latter depends to a greater degree on auditory-motor 
imagery as an aid in word perception. 

One should be critical about accepting the viewpoint of any single 
investigator concerning the nature of perception in reading. All these 
studies contribute something of importance for the understanding 
of the reading process but none of them explain adequately all read- 
ing situations. As noted above, a survey of the studies related to 
visual apprehension indicates that there is a natural tendency to 
combine the different elements of a visual impression into higher 
perceptual units whenever grouping is possible. The experimental 
evidence warrants the conclusion that word form is a very important 
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factor in word perception and that characteristic word form arises 
from an alternation of “ dominant” letters of letter complexes with 
“ indifferent” letters. It is also evident that no individual can be 
classified strictly as an objective type of reader or as a subjective type, 
nor does any single person read by the same method in all reading 
situations. He may read largely by word wholes with certain 
material while with more difficult or more unfamiliar material his 
reading may be largely analytical. 
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